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Exam 2 is a take-home exam.  It is due at my office (Parsons W108) or my Chem office mailbox (Parsons 
W115) by 4:30 pm Friday April 24.   You may also deliver it to me electronically. 
The exam covers predominantly the material since exam 1, but may overlap a bit with the early 
concepts unavoidably.   The questions relate to the concepts and topics we discussed in class, so your 
primary resource is your own class notes, and the collective information on Blackboard. 
There is no prohibition on use of resources.   You can consult anything or anyone except the other 
students in class.  However, all answers must be a construction of your own thoughts and words.   The 
questions are intended to make you think and integrate ideas.  You may not find a “ready answer” out 
there.    
The exam is equivalent in length to the last one.   I would expect it could be finished comfortably in two 
hours.    
All responses should be legible, in grammatically correct sentences, and have an organized structure.  
Your goal is to use fundamental ideas in your response.   Stronger responses will use those ideas more 
thoroughly and sensibly, describing WHAT but also HOW the phenomena occur. 
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Questions 1 to 4 are about cooking 
Inside a conventional electric oven is a “heating 
element” on the bottom, and another “heating 
element” on the top.    Here is a picture:  
1. When you “turn on” either of these 
elements, you will observe over time that the 
element at first looks unchanged although the 
air temperature inside the oven is increasing, 
then the element gradually starts to glow.   
First, it will be red.   Later it will become orange 
or yellow.  Explain where the heat and color 
progression of the glow come from.  (10 pt) 
 
2. To bake bread, you put dough in a metal container (like this) 
 And turn on the lower element to “bake” the bread. 
To cook a steak, you put the steak on a metal 
sheet (shown to left) and turn on the upper element to “broil” the steak. 
Compare and contrast baking and broiling in terms of how heat energy gets 
from the heating element to the material being cooked.  (10 pt) 
 
3. Baking cookies.  You put cookie dough onto a flat metal tray inside the oven, and turn on the 
lower heating element.  A simple metal tray often leads to burning the bottoms of the cookies while you 
are waiting for the tops of the cookies to get “done”.  Good bakers know that a better cookie tray has 
two layers of metal separated by a narrow air gap.  The cookies on this tray don’t burn – they are cooked 
just right throughout.  Explain why the difference in the results.   (5 pt) 
 
4. Boiling water to make tea.   Compare boiling water in a traditional tea kettle (shown here) and 
boiling water in a microwave oven.  The kettle is placed on top of the oven on a circular 
heating element.  The microwave oven brings water to a boil much faster (2 min 
compared with 5-10).  Explain how the water is heated in both cases and why the 
microwave is faster.   (10 pt) 
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Questions 5 and 6  are about automobiles.  
5. Bondo is a commercial product used to repair holes in the exterior body of cars, e.g. rust holes.   
It is a thick sticky liquid, but you mix it with a “hardening agent” and that converts the liquid into a solid 
over about 15-20 minutes.  So, you take a “handful” of the liquid, mix in a few drops of the hardening 
agent, and then use a putty knife quickly to transfer the paste, and mold and shape it over the hole.  The 
liquid is primarily a substance called styrene.  The “hardening agent” starts a process which converts the 
styrene into polystyrene, which is a solid.   Both structures are shown below. 




This shows the polystyrene segment that comes from three 
molecules of styrene.  The squiggly lines at the end of the 
polystyrene indicate that the chain of C atoms continues (if 
more styrene molecules are involved).  The chain can be 100s 
of units long. 
Here’s the question (finally):    One time I was repairing my car and noticed that the paste as it was 
hardening was warmer to the touch than it had been at the start. I confirmed this with a thermometer.   
5a. Is there a chemical reaction going on here?     Justify your answer.  (5 pt) 
5b. What is the source of the heat?   A better answer will include a quantitative argument.  (5  pt) 
 
6. Most cars have a “radiator”, made entirely of metal, like this: 
You fill it with water (or a special “coolant” solution).  A pump 
circulates the water into the bottom and out the top, and then 
through metal pipes (not shown) that attach to the engine, and back 
to the bottom of the radiator again.   The flat part of the radiator is a 
honeycomb structure.   Air can move through that honeycomb.  The 
radiator is normally placed at the very front of the engine 
compartment.   The engine produces heat when it is running.      
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b. Suggest two conditions under which this system might fail to protect the engine.  Explain 
 why those conditions would cause a problem.  (10 pt) 
 
7. Consider this scenario.  
Two containers share a common wall. 
Identical thermometers are in each. 
The container on the left contains water.   
The container on the right contains mercury, a liquid metal.   
 
The wall separating the containers is a substance that does not react chemically with water or mercury, 
and it has modest thermal conductivity.  The box shown surrounding the container indicates that the 
materials on the inside are thermally isolated from the rest of the lab. 
 
a. Assume the water and mercury had been sitting out on the lab bench since yesterday.   Describe 
what you expect the temperatures of the two liquids to be just after pouring them into the containers.  
Explain your expectation.   (5 pts) 
 
b. Assume that you had removed the mercury from a refrigerator, and had warmed the water in a 
microwave before.  Then you poured the liquids into the container above.  The initial temperature of the 
water is 55 oC and mercury is  5 o C.   Sketch a graph showing both temperatures over time.  Label 
appropriately, but only worry about qualitative accuracy not quantitative accuracy.  (10 pts) 
c. Another students says:  “I expect the mercury to reach its final temperature more quickly than 
 the water will because mercury as a metal is a better heat conductor”.   Do you agree or not 
 with this statement?  Explain.    (5 pts)  
d. The number of molecules or atoms per unit volume is slightly larger for mercury vs water.  
 Nevertheless, the final temperature will be about 40 oC, closer to the initial temperature of  
 water.   Explain how that could result.   (5 pts) 
 
8. Water beds were common in the 70s.   They had a number of drawbacks:  they are really heavy 
when filled (structural problem in a house), if they spring a leak there could be serious water damage, 
and it’s necessary to circulate and heat the water, otherwise sleeping on an unheated water bed is very 
uncomfortable.  Explain why unheated beds were uncomfortable for sleepers, using fundamental 
principles.   (10 pts) 
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Eliza Sneeden 
 
1)  The heat in a conventional electric oven comes from the processes of conduction and 
convection. The top and bottom heating elements are heated electrically through the direct 
transfer of heat through materials that are good conductors of energy (metal wires and metal 
structures). This heat is then spread through a mass movement of energy called convection. 
Some ovens have a convection fan to aid in the process by moving heat around the system. The 
color of the elements glows red at first because the elements are rising in temperature. As metal 
is heated through conduction, the color of it changes from orange to yellow and eventually to 
white at the hottest temperature. (which won’t occur inside a kitchen oven).  
 
2)  When baking bread, conduction takes place through the lower element and heat travels 
through the metal baking pan. This heat works its way through the batter through convection 
which bakes the substance, starting on the outside and working its way inward to the center (the 
outside becomes crust and the inside is soft).  
When cooking a steak, the broil element is used. Broiling is set at a very high temperature 
and cooks the steak through thermal radiation within close range from above the food. The steak 
is heated through infrared radiation, meaning the heat travels from the source to the substance 
through infrared rays.  
 
3)  The difference between a simple tray and a better tray is the air between the two metal 
sheets in the better tray. In a simple tray, the heat is being directly transferred from the element 
to the metal tray and then to the cookie dough. The narrow air gap in the better tray acts as an 
insulator. However, because air is not that good of an insulator, the heat still travels through the 
air and heats the cookie dough. The result is a less severe bottom because the heating/cooking 
was gradual instead of direct. The bottom of the cookies were heated at a pace that was more 
similar to the pace at which the tops of the cookies were heating. 
 
4)  In a traditional tea kettle, the water is heated through the conduction of heat. Although 
this means direct heat transfer, the heat has to move through two bodies (the heating element and 
the kettle) before it reaches the water. 
Boiling water in a microwave is faster because microwaves heat things using thermal 
radiation. The heat travels from the microwave through the space in the form of infrared rays and 
directly heats the water instead of traveling through another body to reach the water. This makes 
for a fast process.  
 
5a)  Yes, there is an exothermic chemical reaction happening here. We know this because the 
pace is producing energy in the form of heat. This indicates that the product released more 
energy than the reactants absorbed.   
5b)  Input:     3(3(6.9) + 10.2) = 92.7 x10^­19 J 
Output:  6(6.9) + 10(5.8) = 99.4 x10^­19 J 
Positive Net Change:  99.4 ­ 92.7 = 6.7 x10^­19 J → exothermic chemical reaction 
 
6a) The coolant is carried to the hot engine through the channels where it absorbs the 
engine’s heat. The hot coolant is carried back to the radiator. The hot coolant expands and 
becomes lighter which allows it to rise. The heat from the coolant is transferred to the air through 
the radiator which acts as a heat exchanger. The now cooled coolant is fed back into the channels 
to the engine and the circulation process is repeated. Pumps and fans help to speed up this 
process.  
 
6b) If the solution was just water (no antifreeze) and the climate unexpectedly dropped below 
freezing temperatures, the system would freeze up and not circulate correctly. If one were to let 
the coolant reach too low of a level, the coolant would begin to evaporate because of the heat 
from the engine. This would result in the system overheating which can cause damage to the 
engine.  
 
7a)  I would expect the water and the mercury to be around the same room temperature 
because they have both been sitting in the same temperature for the same amount of time and 
have been affected by the room’s temperature. 
 
7b)  
 
 
 
 
 
 
7c)  Yes, I agree with this statement because liquid mercury is a metal and uses free electrons 
to transfer heat and kinetic energy faster than water which doesn’t have any free electrons.  
 
7d) Because liquid mercury is a metal with free electrons, it is a better conductor than water. 
This means it is much more easily affected by the transfer of heat than water is and would be 
influenced by the heat from the heated water.  
 
8) Unheated water beds are uncomfortable because there is no heat being transferred from 
the water bed to the sleeper. The water stays at room temperature which would feel cold to the 
sleeper. If you heat and circulate the water in the bed, heat will be transferred through conduction 
to the sleeper and make for a comfortable sleep. Unheated water beds could also result in 
condensation if the surrounding air is too humid. If you were to heat the water in the bed, this 
would prevent condensation from occurring and result in a dry mattress.  
 


















